Abstract: Cities, the core of the global climate change mitigation and strategic low-carbon development, are shelters to more than half of the world population and responsible for three quarters of global energy consumption and greenhouse gas (GHG). This special volume (SV) provides a platform that promotes multi-and interdisciplinary analyses and discussions on the climate change mitigation for cities. All papers are divided into several themes, including GHG emission inventory and accounting, climate change and urban sectors, climate change and sustainable development, and strategies and mitigation action plans. First, this SV provides methods for constructing emission inventory from both production and consumption perspectives. These methods are useful to improve the comprehensiveness and accuracy of carbon accounting for international cities. Second, the climate change affects urban sectors from various aspects; simultaneously, GHG emissions caused by activities in urban sectors affect the climate system. This SV focuses on mitigation policies and assessment in energy, transport, construction, and service sectors. Third, climate change mitigation of cities is closely connected to urban sustainable development. This SV explores the relationships between climate change mitigation * Corresponding author. The Bartlett School of Construction and Project Management, University College London, London WC1E 7HB, UK. E-mail address: z.mi@ucl.ac.uk (Z. Mi).
Introduction
Cities are central to global climate change mitigation and the implementation of low-carbon development strategies. Cities are home to more than half of the world population and are responsible for three quarters of global energy consumption and greenhouse gas (GHG) emissions (Gouldson et al., 2016) . As centers of wealth and innovation, cities also have resources and tools that are needed to address climate change challenges (Rosenzweig et al., 2010) . Meanwhile, cities, traditionally built in coastal locations or on riverbanks, are highly exposed and vulnerable to climate change impacts (Vermeer and Rahmstorf, 2009) , which brings huge risks to urban infrastructure, the life of urban residents, and the entire urban system.
Cities are increasingly at the forefront of efforts to address climate change mitigation with many signing up to frameworks for reducing GHG emissions. For example, C40
Cities Climate Leadership Group (C40) connects more than 80 of the world's megacities, representing more than 600 million people and 25% of the global economy, to address climate change and drive urban actions which reduce GHG emissions and climate risks. The Local Governments for Sustainability (ICLEI) establishes a global network of more than 1500 cities in 86 countries committed to build a sustainable and low-carbon future, which impacts over 20% of the world urban population.
These urban climate actions place urgent demands on the scientific community to provide timely and useful information and knowledge. Cities need an integrated approach of mitigating climate change which considers urban development, energy use, environments, human health, and ecosystem. However, crucial knowledge gaps remain in this field: 1) lack of consistent and comparable GHG emissions data at the city level; 2) lack of scientific understanding of the roles of urban sectors in mitigating climate change; 3) lack of scientific understanding of dynamics between sustainable development and climate change mitigation in cities; 4) lack of scientific understanding of how cities choose climate change mitigation strategies and local actions. Therefore, this special volume (SV) provides a platform that promotes multiand inter-disciplinary analyses and discussions on the climate change mitigation and adaption for cities. This special volume aims to fill these four knowledge gaps, so all papers are divided into four themes:
Theme one: emission inventory and accounting at the city level;
Theme two: climate change and urban sectors;
Theme three: climate change and sustainable development of cities;
Theme four: strategies and mitigation action plans at the city level.
We would like to highlight several papers for each theme in the introduction, and all papers included in the special volume are demonstrated in section 2. Firstly, several feasible methods were developed for constructing CO2 emissions inventories for cities.
From the production-based perspective, a set of methods based on energy balance table to construct production-based CO2 emissions inventories for Chinese cities were developed , and a high spatial resolution dataset of CO2 emissions (CHRED) for 286 Chinese cities was generated (Cai et al., 2018) . From consumption-based perspective, carbon footprint of of urban zone by six different kinds within the Helsinki Metropolitan Area (HMA) was mapped (Ottelin et al., 2018) .
In addition, substantial differences between production-based and consumption-based CO2 emissions account were demonstrated in Sudmant et al. (2018) and Meng et al. (2017) .
Secondly, climate change affects urban sectors from various aspects; simultaneously, GHG emissions caused by activities in urban sectors affect the climate system. The theme two emphasized on the roles of key sectors in mitigating climate change, including energy, transport, and construction. Plenty of actions were took for decarbonization in energy system, such as developing renewable energy (Rocha et al., 2017; Waheed et al., 2018 ) and improving energy efficiency (Waheed et al., 2018) .
The city is the hub of modern human life and the urban transport sector is developing fast, and electric vehicles will play a critical role in reducing emissions in transport sector (Álvarez Fernández, 2018; Magueta et al., 2018) . From life cycle analysis perspective, there are considerable indirect emissions of CO2 as a result of activities in construction sector (Seo et al., 2018) .
Thirdly, there are interactive relationships between climate change and urban sustainable development. Urbanization has large impacts on climate and environment all over the world , and the possible effects of future urbanization on climate change were estimated (Vasenev et al., 2018) . Climate change is expected to increase the intensity and frequency of extreme events. These extreme events (e.g., floods and sea level rising) will have great impacts on urban sustainability. The concept of flood footprint was developed to measure the total economic impact directly or indirectly on the production system caused by the flooding losses (Mendoza-Tinoco et al., 2017) , and a multiregional general equilibrium model was used to estimate the economic impacts of sea level rise in coastal cities in China (Cui et al., 2018) .
Fourthly, many cities have taken actions to mitigate climate change. These actions can be divided into two categories, including quantity-and price-based mechanisms. The most widely used quantity-based mitigation policy in carbon emission trading (Hu et al., 2017; Zhou et al., 2018) , which works by first giving participants a limit on emission permits, and then allowing them to buy or sell permits in the market. The most widely used price-based mechanism is carbon or energy consumption tax requiring a fixed every ton of CO2 emission fee (Li and Su, 2017) .
Overview of papers included in the special volume
Theme one: GHG emission inventory and accounting at the city level As one of the foundations for both climate change research and climate policy making, GHG emission inventory has attracted attention among the public and academic in recent years. Most of existing inventories are discussed at the national level or global level, while research on emission inventories for cities is limited.
It remains an open challenge to appropriately account for local-scale GHG emissions and identify GHG-reduced actions in many contexts (Martire et al., 2018) . At the city level, it is still thought-provoking to complete a proper and consistent systematic boundary and computable processes for the calculation of carbon emissions.
Boundaries of emission accounting vary from city to city, which depends on the purpose and definitions of the analysis. Three different scopes of regional carbon emissions are commonly accepted, involving territorial emissions, emissions embodied in electricity produced and imported or purchased from outside the boundary, and emissions refer to emissions embodied in imported products and services. Additionally, there are intensive interactions across system boundaries in cities, namely cross-boundary activities including domestic and international transportation, inter-regional electricity transmission and flows of other goods and services and purchased power supply generated outside the boundary, which have significant influence on the calculations of carbon emissions depending on the level of boundary chosen.
At the city level, substantial differences between production-based and consumption-based CO2 emissions account for carbon emissions. More specifically, production-based CO2 emissions, caused by domestic production together with exports, accounts for emissions at the point of production, excluding the consideration of final-used destinations or ultimately-used customers of goods. Shan et al. (2017) proposed a set of methods based on energy balance table to construct production-based CO2 emissions inventories for Chinese cities. The new-constructed emission inventory, in terms of the definition provided by the IPCC territorial emission accounting, is composed covering 47 socioeconomic sectors, 17 fossil fuels and 9 primary industry products. Liu et al. (2018b) On the contrary, all emissions occurring in the production and distribution sectors are allocated to the final product consumers in the calculation based on consumption.
According to this method, emissions from imported product areas are allocated to their production. Ottelin et al. (2018) between city-scale incineration facilities and industries. Waheed et al. (2018) investigated the effects of renewable energy consumption on carbon emission in Pakistan. Gupta and Gregg (2018) presented a localised Geographical Information System (GIS) based approach that utilized publicly-available national and local datasets on housing and energy to provide targeted low carbon measures across UK cities. Roelich et al. (2018) conducted a longitudinal analysis from 2013 to 2017 including five British cities which try to form new institutional arrangements for the participation of the national energy system and contribution to the climate change mitigation. Ramadan (2017) developed an optimization model to assess the wind energy farm sizing for an optimal energy yield in Sinai Peninsula, Egypt.
Transport sector accounts for a large proportion of energy demand and carbon emissions and is growing rapidly. The city is the hub of modern human life and the urban transport sector is developing fast. Specifically, in the Internet era, the development of public transport has brought new challenges and opportunities to urban passenger transport. Thus, research on the carbon emissions of the urban transport sector is significant and timely. Yu et al. (2017) investigated total factor carbon-sensitive productivity growth in the regional transport sector in China and decomposed its dynamic changes over time taking account of the regional heterogeneity of different provinces. Magueta et al. (2018) 
Theme three: Climate change and sustainable development of cities
There are interactive relationships between climate change and urban sustainable development (SD) (Jin et al., 2015; Vergragt et al., 2015) . On the one hand, priorities of society on urban sustainable development have impacts on the GHG emissions which are the main reason for climate change. Policies and institutions on urban sustainable development may constrain or facilitate climate change mitigation and adaptation. Many studies have integrated climate change mitigation and adaptation perspectives into sustainable development policies, because tackling climate change will make urban development more sustainable. In the Transforming Our World: the 2030 Agenda for Sustainable Development adopted by United Nations, for example, the adopting and implementing policies to mitigate and adapt climate change are an important goal for sustainable cities. On the other hand, climate change has impacts on human living conditions which are the basis for urban socio-economic development. The ability of cities to achieve sustainable development goals will be affected by climate change and climate policy responses. So urban sustainable development can be considered as an issue which is indirectly influenced by climate change policies.
Urbanization has large impacts on climate and environment all over the world. The effects of urbanization and climate change are converging in many ways. presented observational evidence for the impacts of human migration on urban relative humidity in Beijing, China. Yang et al. (2017) Cities need more the scientific community to provide useful information to support their climate actions.
There are many policy options for one city to address climate change, such as improving energy efficiency, reducing fossil energy use, advocating low-carbon life, and establishing carbon trading markets. Cities need to find appropriate low-carbon development pathways for their sustainable development. Many criteria need to be considered for evaluating and choosing urban climate policies, including environmental effectiveness, cost-effectiveness, intergenerational equity, interregional equity, institutional feasibility, technical feasibility, and ethics.
Many researchers divided climate change mitigation policies into two categories, including quantity-and price-based mechanism. The most widely used quantity-based mitigation policy in carbon emission trading, which works by first giving participants a limit on emission permits, and then allowing them to buy or sell permits in the market. Its advantage is that it can directly control the level of emission reduction in case of carbon price uncertainty. One of the key elements of the cap-and-trade system is that participants can purchase and sell permits to obtain the lowest cost for the city with the lowest cost for themselves. Particularly, participants who can reduce emissions more cheaply will sell extra permits. On the contrary, lower-cost participants will avoid buying permits. Hu et al. (2017) assessed the operational performance and maturity of the carbon trading pilot program in Beijing. The allocation of carbon emission quotas is the basic and essential milestone to establish a national carbon emissions trading market. Qin et al. (2017) proposed a decision analysis model with multi criteria to allocate carbon emission quota in east coastal areas in China. Zhou et al. (2018) developed a multi-abated factor DEA approach to allocate CO2 emission quotas for cities in China.
The most widely used price-based mechanism is carbon or energy consumption tax requiring a fixed every ton of CO2 emission fee. By determining reduction level indirectly, the carbon price can be controlled directly. The price-based mechanism is cost-effective because of the choices made by the emitters who can reduce emissions at a cost below the tax or fixed fee. Li and Su (2017) developed a city-level Computable General Equilibrium (CGE) model to simulate potential impacts of carbon pricing on the city, including paying border-carbon-adjustment (BCA) on exports or introducing a domestic carbon tax. Zhao et al. (2018) investigated the rationality of the way adjusting the consumption tax and its impacts on carbon emissions. Zhang and Lin (2018) investigated the effectiveness of the tiered-electricity pricing system, which intended to motivate electricity saving behavior and address cross-subsidization issue.
Some studies proposed to used branding tools to promote emission reduction of cities.
Many countries and organizations are trying to identify branding methods for guiding low-carbon consumption by residents in order to actively respond to global climate change. As a method for identifying the greenhouse gas emissions produced during the full life cycle of a product, the effects of carbon labels on low-carbon consumption behavior by different types of consumers is worthy of investigation. Li et al. (2017a) surveyed the willingness when consumers purchasing low-carbon products with carbon labels. de compared the city branding practices to respond to the challenge of ecological modernization in three Chinese megacities, including Hong Kong, Shanghai and Beijing. Illankoon et al. (2018) analyzed the life cycle costs of concrete using supplementary cementitious materials in obtaining concrete credits according to Green Star rating system in Australia. Axon et al. (2018) investigated factors and barriers to behavior change initiatives, which were classified into six categories including community-based interventions, information and awareness based interventions, eco-districts, show-case events, energy switching and smart-technology focused interventions.
City-to-city (C2C) cooperation, in which cities collectively face the climate change by its transnational networks, is significant for climate change mitigation. It is an opportunity for policymakers to learn from other cities who conduct climate mitigation and adaptation measures through the interaction and collaboration. While many studies have introduced the climate change mitigation actions in single city, such as Cologne in Germany (Holtz et al., 2018) , Vienna in Austria , Copenhagen, Denmark (Damsø et al., 2017) , Bangkok, Thailand (Ali et al., 2017) , Shenzhen, China (Zhan and de Jong, 2018) , Shanghai, China (den Hartog et al., 2018; Peng and Bai, 2018) , Nanchang, China (Jia et al., 2018) , and Suzhou, China , some studies have introduced the C2C climate networks. Lee and Jung (2018) 
Conclusions
Cities play a key role in the low-carbon transition, with an increasing number of cities engaging in carbon mitigation actions. This SV discusses emission accounting, sustainability, strategies and mitigation action plans at the city level. This SV provides methods for constructing emission inventories from both production and consumption perspectives. These methods are useful to improve the comprehensiveness and accuracy of carbon accounting for international cities. Climate change mitigation of cities is closely connected to urban sustainable development. This SV discusses the relationships between climate change mitigation with urbanization, ecosystems, air pollution, and extreme events. In addition, this SV provides experiences of local climate change mitigation all over the world and proposes the city-to-city cooperation on climate change mitigation. The Covenant of Mayors launched by the European Commission is examined in this SV. All in all, city-level study will be the trend for climate change mitigation.
However, some knowledge gaps still remain in this field. First, efforts are needed to reduce uncertainties in emission inventories for cities. Emission data are foundations of climate change mitigation research and actions. Although this SV provides methods to improve the comprehensiveness and accuracy of carbon accounting for international cities, there are still uncertainties in these inventories. Second, there are gaps between researchers and policy makers on city-level climate change mitigation. Some studies did quantitative or qualitative analysis on climate change mitigation in cities, without providing any practicable policy implications. Third, the interdependencies of climate adaptation and mitigation measures are critical in cities.
This SV focuses on climate change mitigation in cities. More efforts are needed to research the balance and interdependencies between climate adaptation and mitigation in cities.
